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RED LION EAST

WEDNESDAY
MARCH I5, 1995

RED LION EAST

8:30am
Opening Remarks
Rod Alferness, AT&T Bell Laboratories, Chair

RED LION EAST

8:45am-10:15am
PWA e Plenary: 1
Rod Alferness, AT&T Bell Laboratories, Presider

8:45am (Plenary)

PWAT e Photonics beyond information transport? Herwig Kogelnik,
AT&T Bell Laboratories. Photonics has rapidly become the domi-
nant technology for the transmission of information in the national
and global infrastructure, including undersea, terrestrial long-haul,
CATV and local telephone access applications. Expanding this suc-
cess deeper into the network, we are challenged by new require-
ments such as conforming to the new ATM (asynchronous
transfer-mode) standards and by new opportunities such as wave-
length routing and transparent high-capacity networking.

Herwig Kogelnik is Director of Photonics Research at AT&T Bell
Laboratories. He received the Dipl.-Ing and Dr. techn. degrees from
the Technical University of Vienna, and the D.phil. from Oxford
University. He was elected to the National Academy of Science and
the National Academy of Engineering. He served as President of the
Optical Society of America and is an Honorary Fellow of St. Peter’s
College at the University of Oxford. (p. 2)

9:30am (Plenary)

PWA2 « Who will be the winner, photonics, electronics or
photoelectronics? Tetsuhiko lkegami, NTT, Japan. Once ‘photonic
switching’ has been demonstrated, the performance has been taken
over by electronics in a past decade, like the competition between
GaAs and Si in the micro-electronics technologies. Recently, bit-
greedy telecommunication services like Multimedia are coming up
and multi-wavelength networking, in which multi-wavelength will
be used for new functions, not for a simple idea of increasing chan-
nel capacity, is revealing a new horizon to ‘photonic switching'.
We will discuss how to share each role of photonics and electronics
in the emerging field.

Dr. Ikegami, Senior V.P. of NTT, and a Senior Executive Manager
of Science and Core Technology Labs and NTT Basic Research Labs,
has performed pioneering works on semiconductor lasers including
finding of resonance-like phenomenon which was an essential prop-
erty in directly modulated semiconductor lasers, reliability study on
the devices which led the device into undersea application, and
development of single mode operation under the direct modulation
enabling the large capacity and long distance fiber transmission at
Giga bit per second range. He has been heading the development
of optical devices passive components like the Photonic Lightwave
Circuit as well as active devices in order to realize emerging photo-
nic systems for Photonic-Through-The-Network. (p. 3)

GRAND BALLROOM C

10:15am-10:30am
Coffee Break/Exhibits

10:30am-11:15am
PWB e Plenary: 2
Lars Thylen, Royal Institute of Technology, Sweden, Presider

10:30am (Plenary)

PWBT1 e The role of photonic switching in future high-capacity
telecommunication networks, Olle Nillsson, Ellemtel, Sweden. The
role of photonic switching in future telecommunications has been
the subject of intense research and discussions ever since the real-
ization in the early eighties that fiber optics could furnish virtually
limitless broadband transmission. The basic idea is that, eventually,
one will face an electronic bottle neck when it comes to switching
the predicted enormous bitstreams and that photonic switching may
then offer a solution. Questions of a fundamental nature based on
presently known physical limitations and some possible telecom-
munication network demand scenarios will be raised. (p. 6)

RED LION EAST

11:15am-12:00m
PWC e Optical Interconnect
Tom Cloonan, AT&T Bell Laboratories, Presider

11:15am (Invited)

PWCT1 e Optical interconnection technology for large computing
and switching systems, Niloy K. Dutta, AT&T Bell Laboratories. This
talk will focus on current applictions and future directions of opti-
cal interconnection technology. This technology will be initiatly
driven by applications in large computing and switching systems.
Advances in system architectures, subsystem modules and optoelec-
tronic integrated circuits aimed at lower cost implementation of the
entire system are necessary to create a wide application base for
optical interconnection technology. (p. 12)

11:45am

PWC2 ¢ 8 x 8 array of optoelectronic switching nodes comprised
of flip-chip solder-bonded MQW modulators on silicon CMOS cir-
cuitry, A. L. Lentine, K. W. Goossen, J. A. Walker, L. M. F. Chirovsky,
L. A. D’Asaro, S. P. Hui, B. T. Tseng, R. E. Leibenguth, D. P. Kossives,
D. W. Dahringer, D. A. B. Miller, AT&T Bell Laboratories. We de-
scribe an array of smart pixels with multiple quantum well (MQW)
modulators and detectors flip-chip solder-bonded to a silicon CMOS
circuit, individually operating at 250 Mb/s. (p. 13)

RED LION EAST

1:30pm-3:00pm
PWD e Transport Network Switching and Routing:1
Dan Blumenthal, Georgia Institute of Technology, Presider

1:30pm (Invited)

PWD1 e The RACE multiwavelength transport network project:
results and conclusions, Godfrey Hill, British Telecom, U.K. The
RACE MWTN project has developed technology for wavelength
routing networks and has demonstrated their feasibility both theo-
retically and in a field environment. (p. 18)




2:00pm

PWD?2 e Telecom networks going photonic: reconciling transpar-
ency with scalability, Philip Dumortier, Thierry Van Landegem,
Alcatel Corporate Research Center, Belgium; Francesco Masetti,
Michel Sotom, Alcatel Corporate Research Center, France. Asimple
yet flexible high-capacity network architecture is proposed, featur-
ing a reasonable degree of signal transparency, while still ensuring
network scalability. (p. 21)

2:15pm

PWD3 ¢ OFDM cross-connect with an embedded free-space switch,
B. Kuhlow, G. Teich, G. Walf, Heinrich-Hertz-Institut fiir
Nachrichtentechnik GmbH, Germany. The implementation of a
dense OFDM cross-connect consisting of a frequency conversion
stage with tunable frequency selective receivers and a 3D free-space
switching fabric is described. (p. 24)

2:30pm

PWD4 e Free-space optical sliding Banyan network, Michael W.
Haney, George Mason Univ.; Marc P. Christensen, James ). Levy,
BDM Federal, Inc. The smart-pixel-based 3D sliding Banyan archi-
tecture offers significant throughput advantages over electronic ap-
proaches. Design and experimental aspects of the network are

presented. (p. 27)

2:45pm

PWD5 » Development of a 16 x 16 reconfigurable holographic
interconnection system, P. Gravey, L. Bonnel, France Télécom CNET
LAB/RIO/PCO, France. We present the design and the realization of
a 16 x 16 two-stage holographic interconnection system between
single-mode fibers based on photothermoplastic holograms, includ-
ing its optical addressing system. The diffraction efficiency of the
holograms can be higher than 20% at 1.3 pm. We demonstrate an
accurate collimation of the beams issued from linear fiber arrays
over the distance necessary to the system implementation. (p. 30)

GRAND BALLROOM EAST

3:00pm-3:30pm
Coffee Break/Exhibits

RED LION EAST

3:30pm-5:30pm
PWE e Wavelength and Time Switching
Godfrey Hill, British Telecom Laboratories, U.K., Presider

3:30pm (Invited)

PWET « Wavelength conversion devices and applications, B.
Mikkelson, Electromagnetics Inst., Technical Univ. of Denmark, Den-
mark. Applications and desired features of wavelength converters
are discussed. Different methods for wavelength conversion are sur-
veyed with emphasis on all-optical wavelength conversion by SOAs.

(p- 36)

WEDNESDAY
MARCH 15, 1995

4:00pm

PWE2 e A photonic WDM packet switch with reduced complexity
due to wavelength converters, S. L. Danielsen, B. Mikkelsen, C.
Joergensen, T. Durhuus, K. E. Stubkaer, Technical Univ. Denmark,
Denmark. The influence of wavelength converters on the complex-
ity of an optical WDM packet switch is analyzed. Based on mea-
sured data, power penalties for a 16 x 16 switch using 4 or 8
wavelengths are calculated. (p. 39)

4:15pm

PWE3 e Multichannel optical filters using birefringent planar opti-
cal platforms, Katsuhiko Hirabayashi, Masayasu Yamaguchi, NTT
Network Service Systems Laboratories, Japan. We propose a novel
multichannel filter possible to select arbitrary several wavelengths
with arbitrary transmittance simultaneously. We show a seven-chan-
nel filter module with 1-nm channel spacing. (p. 42)

4:30pm

PWE4 ¢ Optical TDM systems, Kristin Rauschenbach, Katie Hall,
John Moores, Steve Finn, Rick Barry, MIT Lincoln Laboratory; Will-
iam Wong, Hermann Haus, Eric Ippen, MIT; Mark Haner, AT&T Bell
Laboratories. We present recent developments in technologies for
ultra-high-bit-rate time-division-multiplexed systems, including net-
work architecture, high-speed sources, optical switches, clock re-
covery, and memory. (p. 45)

5:00pm (Invited)

PWES5 o All-optical self-routing switch using a nonlinear InGaAs/
InAlAs MQW waveguide, Tatsuo Kanetake, S. Tanaka, H. Inoue,
Hitachi Ltd., Japan. All-optical switching is demonstrated in the
Mach-Zenhder interferometer with a nonlinear InGaAs/InAlAs MQW
waveguide designed for 1.55 pm toward self-routing operation. (p.
47)

GRAND BALLROOM C

6:30pm-8:00pm
Conference Reception




RED LION EAST

8:30am-10:00am
PThA e Packet-Switched Photonic Networks: 1
T. Yasui, Mitsubishi Electric Corp., Japan, Presider

8:30am (Invited)

PThA1 e Photonic ATM switching for broadband network services,
Tohru Matsunaga, Koji Sasayama, Yoshiaki Yamada, Keishi Habara,
Ken-ichi Yukimatsu, NTT, Japan. After briefly reviewing recent pho-
tonic ATM switching research, NTT’s frequency division multiplex-
ing-based ATM switches will be described with some experimental
results. (p. 52)

9:00am

PThA2 e Experiment on photonic ATM switches with WDM out-
put buffers, Akira Misawa, Masato Tsukada, NTT Network Service
Systems Laboratories, Japan. We propose photonic ATM switches
with WDM output buffers made of fiber-delay lines and experimen-
tally demonstrated two-wavelength-division-multiplexed cell switch-
ing at 10 Gbit/s. (p. 55)

9:15am

PThA3 e Ultrafast photonic packet switching with optically pro-
cessed control, 1. Glesk, P. R. Prucnal, Princeton Univ.; Baolin Wang,
Siemens Corporate Research. We report the first demonstration, to
our knowledge, of all-optical address recognition and self-routing
of photonic packets for a case of two-bit addressing. The packet bit
period is only 4 picoseconds. The packet-switching bit error rate
was measured to be less than 107°. (p. 58)

9:30am

PThA4 e Gigahertz clock synchronization using a nonlinear opti-
cal loop mirror as an all-optical phase comparator, K. L. Hall, K. A.
Rauschenbach, E. A. Swanson, S. R. Chinn, MIT Lincoln Labora-
tory; G. Raybon, AT&T Bell Laboratories. A 10 GHz and a 40 GHz
optical pulse stream are synchronized using a nonlinear optical loop
mirror as the phase comparator in a phase-lock loop. (p. 61)

9:45am

PThAS5 e Optical cell synchronizer for packet-switched nodes, M.
Burzio, P. Cinato, R. Finotti, P. Gambini, M. Puleo, E. Vezzoni, L.
Zucchelli, Centro Studi E. Laboratori Telecomunicazioni, Italy. Op-
tical synchronization of cells in high-speed packet-switched nodes
is discussed and an experimental system based on switchable delay
lines and fiber-chromatic dispersion is demonstrated. (p. 64)

GRAND BALLROOM C

10:00am-10:30am
Coffee Break/Exhibits

RED LION EAST

10:30am-12:00m
PThB » Operation of Photonic Networks
Charles Brackett, Bellcore, Presider

10:30am (Invited)

PThB1 ¢ Management of optical networks, Sonny Johansson,
Ellemtel AB, Sweden. Before introducing a new optical network layer,
the management aspects should be solved. Experience is gained by
implementing such a demonstration system in RACE-MWTN.

(p. 68)

THURSDAY
MARCH 16, 1995

11:00am

PThB2 e Proposal and implementation scheme of an optical net-
work management system, Tatsuya Shiragaki, Naoya Henmi,
Masahiko Fujiwara, NEC Corp., Japan. An optical network manage-
ment system, with newly defined optical paths and optical sections,
and its implementation scheme utilizing wavelength-division-mul-
tiplexing are proposed. The optical-loss-budget consideration con-
firms the application feasibility. (p. 70)

11:15am

PThB3 e Optical cross-connect architecture incorporating failure
recovery using reserved wavelengths, S. Kuroyanagi, K. Hironishi,
T. Maeda, Fujitsu Laboratories, Ltd., Japan. This paper proposes an
optical cross-connect architecture that provides failure recovery
based on reserved wavelengths and consists of a routing block and

a bypass block. (p. 73)

11:30am (Invited)

PThB4 ¢ Wavelength stabilization as a practical standard light
source for WDM systems at 1.55 micrometer, Yoshihiko Tachikawa,
Yasuyuki Suzuki, Mamoru Arihara, Takeshi Inoue, Shinichi Nakajima,
Takaaki Hirata, Yokogawa Electric Corp., Japan; Jun Ishikawa, Na-
tional Research Laboratory of Metrology, Japan. We developed a
compact wavelength stabilized light source in 1.55 pm with the
wavelength controlled to the bottom of the HCN gas absorption
line. We discuss the wavelength stabilization method and the pre-
cision wavelength calibration method. (p. 76)

12:00m-1:30pm
Lunch on Own

RED LION EAST

1:30pm-3:00pm
PThC e Packet-Switched Photonic Networks: 2
Robert Leheny, ARPA, Presider

1:30pm (Invited)

PThC1 e Photonics and ATM switching, Jacques Dupraz, Alcatel,
France. ATM in switching and optics in transmission are the key
technologies of future broadband networks. This paper discusses
the problems associated with the introduction of photonics in ATM
switching from a technical viewpoint. (p. 80)

2:00pm

PThC2 e Photonic switching of optical interconnects in large
telecom nodes, Magnus Buhrgard, Ellemtel Telecommunication Sys-
tems Laboratories, Sweden. Photonic switching of optical intercon-
nects can make future broadband telecom nodes more efficient and
flexible. Switch designs using photonic switching are presented.
(p. 81)

2:15pm

PThC3 « Novel photonic architecture for high-capacity ATM switch-
ing applications, D. Chiaroni, Alcatel CIT, France; C. Chauzat D.
De Bouard, S. Gurib, M. Sotom, J.-M. Gabriagues, Alcatel Alsthom
Recherche, France. A novel photonic ATM switching architecture
based on broadcast-and-select principle is presented. First results of
experimental feasibility assessment at 2.5 Gbit/s are reported.

(p. 84)




2:30pm

PThC4 e Fanout, replication, and buffer sizing for a class of self-
routing packet-switched multistage photonic switch fabrics, Ashok
V. Krishnamoorthy, AT&T Bell Laboratories; Fouad E. Kiamilev, Univ.
North Carolina-Charlotte. We investigate performance-cost tradeoffs
for a new class of self-routing, packet-switched multistage intercon-
nection networks. We discuss the implications for a smart-pixel photo-
nic switch implementation. (p. 87)

2:45pm

PThC5 e Efficient signal distinction scheme for large-scale free-
space optical networks using genetic algorithms, Ahmed Louri,
Hongki Sung, Yoonkeon Moon, Bernard P. Zeigler, Univ. Arizona.
We present a novel incoming signal distinction scheme for large-
scale free-space optical interconnection networks. The scheme sig-
nificantly reduces the number of detectors per node. (p. 90)

GRAND BALLROOM C

3:00pm-3:30pm
Coffee Break/Exhibits

RED LION EAST

3:30pm-5:00pm
PThD ¢ Optoelectronic Devices for Photonic Switching
H. Venghaus, Heinrich Hertz Institute, Germany, Presider

3:30pm (Invited)

PThD1 e Semiconductor guided-wave switching, ). E. Zucker, AT&T
Bell Laboratories. Recently a systems pull from new fiber-optic net-
works has spurred development of custom semiconductor switches
using novel materials, fabrication methods, and sophisticated opti-
cal design tools. (p. 94)

4:00pm

PThD2 e Transmission experiments on fully packaged 4 x 4 semi-
conductor optical amplifier gate-switch matrix, Claus Popp Larsen,
Wim van Berlo, Jan-Erik Falk, Lars Gillner, Mats Gustavsson, Ericsson
Components AB, Sweden; Erland Almstrém, Ellemtel AB, Sweden;
Fransesco Testa, Ericsson Telecommunicazione S.p.A., Italy. Prom-
ising results regarding cascaded paths and WDM transmission for
fully packaged 4 x 4 switches are reported. Dynamic ranges and
polarization dependence are determined for a BER optimized de-
vice. (p. 95)

viii

THURSDAY
MARCH 6, 1995

4:15pm

PThD3 e Low-voltage electroabsorption in InGaAsP/InP MQW
electron transfer structures, Ulf Olin, Institute of Optical Research,
Sweden; Dana Varga, Krister Frojdh, Johan Wallin, Gunnar Landgren,
Royal Institute of Technology, Sweden. We demonstrate experimen-
tally an enhancement of the electroabsorption in InGaAsP/InP bar-
rier reservor and quantum well electron transfer structures with
multiple quantum wells (MQWs) per period. (p. 98)

4:30pm

PThD4 e Vertical-cavity x-modulators, ). A. Trezza, J. S. Powell, M.
Morf, ). S. Harris, Jr., Stanford Univ. Experimentally and theoreti-
cally, a vertical-cavity photon-conserving reversible optoelectronic
intensity modulator that simultaneously and bidirectionally switches
reflectivity and transmission is displayed and analyzed. (p. 101)

4:45pm

PThD5 e BER studies of diode-clamped FET-SEED receivers, T. K.
Woodward, A. L. Lentine, L. M. F. Chirovsky, AT&T Bell Laborato-
ries. The bit error rate (BER) performance of diode-clamped FET-
SEED optical receivers with electrical output is reported. The digital
nature of the receiver is confirmed and operation to 1 Gbit/s is ob-
tained. (p. 104)

RED LION EAST

7:30pm-9:00pm
Postdeadline Session
Lars Thylen, Royal Institute of Technology, Sweden, Presider




RED LION EAST

8:30am-10:00am
PFA e« Transport Network Switching and Routing: 2
S. Johansson, Ellemtel, Sweden, Presider

8:30am
PFAT * Review of ARPA-sponsored WDM networking projects,
Charles A. Brackett, Bellcore. The concepts and progress of current
ARPA-sponsored WDM networking projects will be reviewed, with
emphasis on what has been learned and where new challenges lie.
(p. 108)

9:00am

PFA2 ¢ Comparison of coherent cross-talk-induced BER floors in
four types of N x N space photonic switches, D. ). Blumenthal,
Georgia Institute of Technology; P. Granestrand, Ericsson Compo-
nents, AB, Sweden; L. Thylen, Royal Institute of Technology, Swe-
den. The coherent cross talk properties of four photonic-switch
structures, active-passive, passive-active, active-split/active-com-
bine, and gated-amplifier, are analyzed and the size-dependent cross
talk bounds for low bit error rate (BER) operation is derived. It is
shown that this type of cross talk causes BER floors once critical
size-dependent cross talk levels have been exceeded. (p. 109)

9:15am

PFA3  Duality between space, time, and wavelength in all-optical
networks, Hisashi Kobayashi, Princeton Univ.; lvan P. Kaminow,
AT&T Bell Laboratories. We exploit duality between space, time,
and wavelength in multiplexed optical signals, and derive new op-
tical routers and switches with nonblocking or rearrangeably
nonblocking properties. (p. 112)

9:30am

PFA4 o Mechanical optical fiber cross connect, Sven Sjolinder,
Ericsson Cables AB, Sweden. A mechanical fiber-optic switch with
N x M matrix and loss <1.7 dB has been developed. 2700 switch
operations are demonstrated without cleaning of ferrules. (p. 115)

9:45am

PFA5 e Thermal considerations in the design of optoelectronic
device mounts, D. B. Buchholz, A. L. Lentine, R. A. Novotny, AT&T
Bell Laboratories. The temperature variation across a FET-SEED is
modeled and compared with experimental measurements. The ef-
fect of chip-mount design is also discussed. (p. 118)

FOYER

10:00am~-10:30am
Coffee Break

RED LION EAST

10:30am-12:30pm
PFB * Photonic Network Components
T. Ozeki, Sophia University, Japan, Presider

10:30am (Invited)

PFB1 « Recent advances in planar lightwave functional devices,
Kaname Jinguji, K. Takiguchi, M. Kawachi, NTT, Japan. Abstract not
available at time of printing. (p. 122)

FRIDAY
MARCH 17, 1995

11:00am

PFB2 e Evolution of fiber arrays for free-space interconnect appli-
cations, Nagesh Basavanhally, Richard Borutta, Randall Crisci,
Casimir Nijander, Laurence Watkins, AT&T Bell Laboratories. Fiber
arrays are used in free-space interconnect systems for bringing in
and taking out optical signals from the computing or switching en-
vironment. We discuss the optomechanical challenges in fabrica-
tion of 2D fiber-input array, and alignment and attachment of
microlens arrays to fiber bundle. (p. 124)

11:15am

PFB3 » Optical beam routing through time-domain spatial-spec-
tral filtering, W. R. Babbitt, Univ. Washington; T. W. Mossberg, Univ.
Oregon. It is proposed to use spatial-spectral gratings to route high-
bandwidth data according to addresses encoded in the temporal
waveform of each routed bit. (p. 129)

11:30am

PFB4 o Multifunctional surface-emitting laser-based integrated
photonic/optoelectronic switch for parallel high-speed optical in-
terconnects, ). C. Lu, Julian Cheng, Univ. New Mexico; Y. C. Zolper,
). Klem, Sandia National Laboratories. We describe a multifunc-
tional optical/optoelectronic switch that can convert data between
various combinations of electrical and optical input/output formats
at 350-500 Mbit/s. (p. 132)

11:45am

PFB5 e« High-speed 2D CMOS designs of bypass-and-exchange
switch arrays for free-space optoelectronic MINs, Osman Kibar,
Philippe J. Marchand, Sadik C. Esener, UC-San Diego. We present
two CMOS designs of bidirectional switches suitable for free-space
optoelectronic MINs. The second design is a novel self-routing con-
cept that uses three-level logic. (p. 135)

12:00m

PFB6 * Gigabit per second switching of smart-pixel receiver-trans-
mitter pairs, G. Livescu, L. M. F. Chirovsky, T. Mullally, AT&T Bell
Laboratories; Arza Ron, Technion, Israel. We use trains of 1.5 pico-
second mode-locked laser pulses spaced 1 nanosecond apart to
transmit Gbit/s data patterns through GaAs/AlGaAs smart-pixel re-
ceiver-transmitter pairs. (p. 138)

12:15pm

PFB7 e Distributed forward- and backward-coupling laser—novel
laser diode for wide-wavelength tuning, Kenji Sato, Yoshiaki
Nakano, Kunio Tada, Univ. Tokyo, Japan. Another type of laser di-
ode for wide-wavelength tuning is proposed and analyzed. Over
40-nm tuning around 1.55-pm is obtainable by changing only one
control current. (p. 141)




Wednesday, March 15, 1995

Plenary: 1

PWA 8:45 am-10:15 am
Red Lion East

Rod Alferness, Presider
AT&T Bell Laboratories




2 / PWAI-1
Photonics Beyond Information Transport?

Herwig Kogelnik
AT&T Bell Laboratories
Holmdel, NJ 07733

Photonics has rapidly become the dominant technology for the
transmission of information in the national and global infrastructure,
including undersea, terrestrial long-haul, CATV and local telephone
access applications. Expanding this success deeper into the network,
we are challenged by new requirements such as conforming to the
new ATM (asynchronous transfer-mode) standards and by new
opportunities such as wavelength routing and transparent high-
capacity networking.




PWA2-1/3

Who will be the winner, photonics, electronics or photo-electronics?

Tetsuhiko Ikegami
Nippon Telephone and Telegraph Co.
NTT Science and Core Technology Laboratory Group
Morinosato, Atsugi-shi, Kanagawa, 243-01, Japan

Once ‘photonic switching’ has been demonstrated, the performance has been taken over by
electronics in a past decade, like the competition between GaAs and Si in the micro-
electronics technologies. Recently, bit greedy telecommunication services like Multimedia
are coming up and multi-wavelength networking, in which multi-wavelength will be used for
new functions, not for a simple idea of increasing channel capacity, is revealing a new
horizon to ‘photonic switching’. We will discuss how to share each role of photonics and
electronics in the emerging field.




4 / NOTES




Wednesday, March 15, 1995

Plenary: 2
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The role of photonic switching in future high capacity
telecommunication networks

Olle Nilsson
Ellemtel AB, S-12525 Alvsjo, Sweden

1. The purpose of the talk
The role of photonic switching in future telecommunications has been the subject of

intense research and discussions ever since the realisation in the early eighties that
fiber optics could furnish virtually limitless broadband transmission. The basic idea is
that, eventually, one will face an electronic bottle neck when it comes to switching
the predicted enormous bitstreams and that photonic switching may then offer a

solution.

Rather than trying to come up with definite answers in these matters I will raise some
questions of a fundamental nature based on presently known physical limitations and
some possible telecommunication network demand scenarios, say, ten years from

now.

2. Scenario

The discussion will be based on a scenario where every subscriber has access to a
basic bi-directional channel capacity of order 100 Mbit/s. This will probably be
enough for video transmission with the resolution of the human eye i. e. some 4000
times 3000 pixels depending on the viewing angle. It is furthermore assumed that the
number of subscribers is about the same as the present number of ordinary telephone
subscribers. Two "networks" are considered; one with ten million subscribers
corresponding to a small country and one global with one billion subscribers.

3. Estimate of trunk transmission costs

Say that all subscribers should be able to simultaneously occupy one 100 Mbit/s
channel of length 500 km each. This means that of order 5103 times 107 = 51012
meters of 100 Mbit/s channels have to be installed. It is to be understood here and in
the following that we are only making rough estimates. Since 100 Gbit/s can be

transmitted in one fiber, a cable containing 100 fibers can be used to transmit 105

channels of 100 Mbit/s each. Thus 5-107 cable meters are needed. The present cost
per meter of such cable is about $ 15 in installation and $ 15 in manufacturing, i.e. $
30/m totally. Therefore the total cost per subscriber would be of order $ 150 only.
There are good reasons to believe that the costs for repeaters could be kept in the
same order of magnitude: Assuming conservatively a repeater every 50 km and that
each repeater handles one 10 Gbit/s channel, i.e. 100 subscriber channels, one would
need 100 such repeaters or one per every ten subscriber. In mass production using
integrated technology a cost of $ 1500 should be possible even if the costs today is
some ten times higher. The conclusion is therefore that the trunk transmission costs
will be very low, of order $ 300 per subscriber, and that they will be insignificant
compared to the costs of the local network and the subscriber terminals. The costs of
the local network will be relatively high independent of bitrates simply because each
subscriber needs a physical connection. Thus there seems to be limited economic
room for measures to increase the utilisation efficiency of a given transport network
rather than to simply add basic hardware capacity. This is a new situation in the
history of telecommunications and might limit the future market for sophisticated
rerouting and maintenance equipment except in the local networks and perhaps also
in the transcontinental and intercontinental networks.

Even in the somewhat unrealistic global scenario with one billion subscribers making
calls over average distances of 5000 km the cost per subscriber for the trunk network
would only increase by a factor of order ten and would still be moderate.
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4. Switching

When it comes to switching capacity requirements it is more difficult to make even
order of magnitude estimates since there are uncertainties in both switching
architecture and hardware possibilities. However, to get some idea of the problem one
may, as a thought experiment, consider the total network as one large switch and
apply classical switching theory to calculate the necessary number of switch elements,
i.e. gates, in different known configurations.

Thus with N = 107 one finds that a non blocking switch of crossbar type requires

about 107 gates per subscriber. This may not seem prohibitive but one must remember
that the power consumption per gate at 100 Mbit/s is about 0.1 mW with present day
technology leading to a power consumption of 1 kW per subscriber. Even if future
technology may well reduce the power consumption by a factor of hundred such a
switching architecture does not seem realistic.

Employing well known architectures for very low blocking probability, on the other
hand, the number of gates per subscriber required is proportional to 2logN rather than
N and both the number of gates and the power consumption per subscriber become
insignificant even if the proportionality constant is taken as large as 1000 and if the
global scenario with one billion subscribers is considered. (Feasibility studies of full
ATM interleaved Banyan type electronic switching systems of more than 1 Tbit/s
throughput have already been made with positive results. Here optical interconnects
between subunits are assumed to be used).

There are other problems, however. Even if a large switch may be strictly non
blocking or have a very low blocking probability the amount of computation to find a
free path may become excessive, especially if the load approaches the theoretical
capacity. It is therefore probably essential that the huge switches considered here can
be subdivided into a fairly large number of independent switching nodes at different
geographical locations each of which loaded well below capacity even at peak traffic.
To my knowledge it is not known with certainty if such an architecture can be

realised keeping the N 2logN proportionality of the total gate count but it seems
likely. If so